Abstract. Discovering the Higgs boson is one of the primary goals of both the Tevatron and the Large Hadron Collider (LHC). The present status of the Higgs search is reviewed and future prospects for discovery at the Tevatron and LHC are considered. This talk focuses primarily on the Higgs boson of the Standard Model and its minimal supersymmetric extension. Theoretical expectations for the Higgs boson and its phenomenological consequences are examined.
Introduction
The origin of electroweak symmetry breaking and the mechanism that generates the masses of the known fundamental particles is one of the central challenges of particle physics. The Higgs mechanism [1] in its most general form can be used to explain the observed masses of the W ± and Z bosons as a consequence of three Goldstone bosons (G ± and G 0 ) that end up as the longitudinal components of the massive gauge bosons. These Goldstone bosons are generated by the underlying dynamics responsible for electroweak symmetry breaking. However, the fundamental nature of this dynamics is still unknown. Two broad classes of electroweak symmetry breaking mechanisms have been pursued theoretically. In one class of theories, the electroweak symmetry breaking dynamics is weakly-coupled, while in the second class of theories the dynamics is strongly-coupled [2] .
The electroweak symmetry breaking dynamics of the Standard Model (SM) employs a selfinteracting complex doublet of scalar fields, which consists of four real degrees of freedom [3] . Elementary scalar dynamics yields a non-zero scalar field vacuum expectation value (vev), which leads to the breaking of the electroweak symmetry. Consequently, three massless Goldstone bosons are generated, while the fourth scalar degree of freedom that remains in the physical spectrum is the CP-even neutral Higgs boson of the Standard Model. Precision electroweak data favors a Higgs mass below 200 GeV, in which case the scalar self-interactions are weak [4, 5] . In the weakly-coupled approach to electroweak symmetry breaking, the Standard Model is very likely embedded in a supersymmetric theory [6] in order to stabilize the large gap between the electroweak and the Planck scales in a natural way [7] . The minimal supersymmetric extension of the Standard Model (MSSM) employs two complex Higgs doublets, resulting in five physical scalar degrees of freedom. In a large range of the MSSM parameter space, the properties of the lightest scalar of the MSSM are nearly indistinguishable from those of the SM Higgs boson.
It is possible that the dynamics responsible for electroweak symmetry breaking is stronglycoupled [8] . Precision electroweak data disfavors the simplest classes of models based on this approach. Nevertheless, it remains possible that the physics of electroweak symmetry breaking is more complicated than suggested by the Standard Model or its supersymmetric extensions. However, in this talk I will not consider these theoretical alternatives nor their phenomenological consequences.
Theory of weakly-coupled Higgs bosons

The Standard Model Higgs Boson
In the Standard Model, the Higgs mass is given by: m 2 h = 1 2 λv 2 , where λ is the Higgs selfcoupling parameter. Since λ is unknown at present, the value of the Standard Model Higgs mass is not predicted. In contrast, the Higgs couplings to fermions [bosons] are predicted by the theory to be proportional to the corresponding particle masses [squared-masses]. In particular, the SM Higgs boson is a CP-even scalar, and its couplings to gauge bosons, Higgs bosons and fermions are given by:
where V = W or Z and v = 2m W /g = 246 GeV. In Higgs production and decay processes, the dominant mechanisms involve the coupling of the Higgs boson to the W ± , Z and/or the third generation quarks and leptons. Note that a h 0 gg coupling (g=gluon) is induced by virtue of a one-loop graph in which the Higgs boson couples dominantly to a virtual tt pair. Likewise, a h 0 γγ coupling is generated, although in this case the one-loop graph in which the Higgs boson couples to a virtual W + W − pair is the dominant contribution. Further details of the SM Higgs boson properties are given in ref. [3] . Reviews of the SM Higgs properties and its phenomenology, with an emphasis on the impact of loop corrections to the Higgs decay rates and cross-sections can be found in Refs. [9, 10, 11] .
Extended Higgs sectors
For an arbitrary Higgs sector, the tree-level ρ-parameter is given by [12] 
independently of the Higgs vevs, where T and Y specify the weak-isospin and the hypercharge of the Higgs representation to which it belongs. Y is normalized such that the electric charge of the scalar field is Q = T 3 + Y /2. 
The ratio of the two vevs is an important parameter of the model, tan β ≡ v u /v d . The five physical Higgs particles consist of a charged Higgs pair H ± , one CP-odd scalar A 0 , and two CP-even scalars h 0 , H 0 , obtained by diagonalizing the 2 × 2 CP-even Higgs squared-mass matrix. All tree-level Higgs masses and couplings and the angle α (which parameterizes the diagonalization of the 2 × 2 CP-even Higgs squared-mass matrix) can be expressed in terms of two Higgs sector parameters, usually chosen to be m A and tan β. See refs. [10, 14] for further details.
At tree level, m h ≤ m Z | cos 2β| ≤ m Z , which is ruled out by LEP data. But, this inequality receives quantum corrections. The tree-level Higgs mass is shifted due to an incomplete cancellation of particles and their superpartners (which would be an exact cancellation if supersymmetry were unbroken) that contribute at one-loop to the Higgs self-energy function. The Higgs mass upper bound is then modified to [15] 
where X t ≡ A t − µ cot β governs stop mixing and M 2 S is the average top-squark squaredmass. The state-of-the-art computation includes the full one-loop result, all the significant two-loop contributions, some of the leading three-loop terms, and renormalization-group improvements [16] . The final conclusion is that m h < ∼ 130 GeV [assuming that the top-squark mass is no heavier than about 2 TeV]. This upper bound is reached when tan β ≫ 1 and m A ≫ m Z in the so-called maximal mixing scenario, which corresponds to choosing X t /M S ∼ 2 so that the predicted value of m h is maximal.
Tree-level couplings of the MSSM Higgs bosons with gauge bosons are often suppressed by an angle factor, either cos(β − α) or sin(β − α), as shown in the table below.
Tree-level Higgs-fermion couplings may be either suppressed or enhanced with respect to the SM value, gm f /2m W . The charged Higgs boson couplings to fermion pairs, with all particles pointing into the vertex, are:
, and the neutral Higgs boson couplings are:
where the γ 5 indicates a pseudoscalar coupling. Especially noteworthy is the possible tan β-enhancement of certain Higgs-fermion couplings. Typically, 1 < ∼ tan β < ∼ m t /m b in most MSSM models.
The decoupling limit
In many models with extended Higgs sectors, a parameter regime exists in which one Higgs boson is light (of order m Z ) and all other Higgs scalars are very heavy (≫ m Z ). In this case, one can formally integrate out the heavy scalar states. The effective low-energy Higgs theory is precisely that of the SM Higgs boson. This is called the decoupling limit [17] . The MSSM exhibits the decoupling limit for m A ≫ m Z . In this case, it is easy to verify that
, and cos(β − α) = 0 up to corrections of O(m 2 Z /m 2 A ). Examining the Higgs couplings listed above, one can check that in the limit of cos(β − α) → 0, all h 0 couplings to SM particles approach their SM limits, as expected.
Present status of the Higgs boson
Direct Higgs mass bounds
From 1989-2000, experiments at LEP searched for e + e − → Z → h 0 Z (where one of the Z-bosons is on-shell and one is off-shell). No significant evidence was found leading to a lower bound on the Higgs mass, m h > 114. 4 GeV at 95% CL [18] . Recent data from the Tevatron extends the disallowed Higgs mass region by excluding 158 GeV < m h < 175 GeV at 95% CL [19] .
The MSSM Higgs mass bounds are more complicated, since they depend on a variety of MSSM parameters. Since supersymmetric radiative corrections to the lightest MSSM Higgs mass must be significant to avoid exclusion, the MSSM Higgs mass bounds depend sensitively on the multi-dimensional MSSM parameter space. In the maximal-mixing scenario, the LEP Higgs search rules out (at 95% CL) charged Higgs bosons with m H ± < 79.3 GeV and neutral Higgs masses with m h < 92.9 GeV and m A < 93.4 GeV [20] . In certain other scenarios, it is possible to significantly relax these bounds. For example, in the CPX scenario [21] , supersymmetric radiative corrections introduce CP-violating phenomena into the MSSM Higgs sector, in which case an arbitrarily light Higgs boson is still allowed for 3 < ∼ tan β < ∼ 10 [22].
Indirect Higgs mass bounds
Precision electroweak data puts indirect bounds on the Higgs mass. One can fit a plethora of electroweak observables, based on the predictions of the SM, in which the Higgs mass is allowed to float. The global fit of precision electroweak data yields a χ 2 distribution for the goodness of 4 GeV ,
based on all direct and indirect data, where both 1σ and 2σ error bars are given (the latter in the square brackets). The minimum χ 2 associated with the GFITTER fit is χ 2 min = 17.82 for 14 degrees of freedom.
Can a light Higgs boson be avoided?
If new physics beyond the Standard Model (SM) exists, then one expects shifts in the W and Z masses due to new contributions to the one-loop corrections. In many cases, these effects can be parameterized in terms of two quantities, S and T introduced by Peskin and Takeuchi [23] :
where s ≡ sin θ W , c ≡ cos θ W , and barred quantities are defined in the MS scheme evaluated at m Z . The Π new
VaV b
(q 2 ) are the new physics contributions to the one-loop gauge boson vacuum polarization functions. The region in the S-T plane consistent with precision electroweak data is shown in Fig. 1(a) .
In order to avoid the conclusion of a light Higgs boson, new physics beyond the SM must enter at an energy scale between 100 GeV and 1 TeV. This new physics can be detected at the LHC either through direct observation of new physics beyond the SM or by improved precision measurements at future colliders that can detect small deviations from SM predictions. Although the precision electroweak data is suggestive of a light Higgs boson, one cannot definitively rule out a significantly heavier Higgs boson if the new physics conspires to yield a total contribution to S and T that is consistent with the precision electroweak data [e.g., see Fig. 1(b) ].
Prospects for Higgs discovery at the Tevatron
The Tevatron will continue to take data through the end of 2011. In addition to an increased integrated luminosity, there is still room for some improvements in the Higgs search analysis. The possibility of extending the Tevatron run by another three years is currently under discussion. To facilitate this discussion, a collaboration of Fermilab theorists and experimentalists produced a white paper making the case for an extended Run III of the Tevatron from the end of 2011 through 2014 [25] . The projected improvement of the Tevatron Higgs search is shown in Fig. 2 . In Table 1 
Higgs phenomenology at the LHC
Although it is possible that evidence for the Higgs boson may emerge from future Tevatron running, the discovery of the Higgs boson and the identification of its properties are expected to take place at the LHC. Once the Higgs boson is discovered, a program of Higgs physics at the LHC must address the following important questions:
• How many Higgs states are there?
• Assuming one Higgs-like state is discovered,
-is it a Higgs boson? -is it the SM Higgs boson?
The measurement of Higgs boson properties will be critical in order to answer the last two questions:
• mass, width, CP-quantum numbers (is the Higgs sector CP-violating?);
• branching ratios and Higgs couplings;
• reconstructing the Higgs potential (Higgs self-couplings).
Mechanisms for SM Higgs production at the LHC
At hadron colliders, the relevant Higgs production processes are shown in Fig. 3 . 
where V = W or Z is a physical gauge boson and V * is a virtual (off-mass-shell) gauge boson.
SM Higgs cross sections and branching ratios
The SM Higgs production cross-sections for √ s = 14 TeV at the LHC are shown in Fig. 4 
LHC prospects for SM Higgs discovery
An examination of Fig. 5 indicates that for m h < 135 GeV, the decay h → bb is dominant, whereas for m h > 135 GeV, the decay h → W W ( * ) is dominant (where one of the W bosons must be virtual if m h < 2m W ). These two Higgs mass regimes require different search strategies. For the lower mass Higgs scenario, gluon-gluon fusion to the Higgs boson followed by h → bb cannot be detected as this signal is overwhelmed by QCD two-jet backgrounds. Instead, the Tevatron 8
Higgs search employs associated production of the Higgs boson with a W or Z followed by h → bb. This process is more difficult at the LHC, where the signal-to-background discrimination is more severe. Instead, the LHC relies on the rare decay mode, h → γγ, which has a branching ratio of about 2 × 10 −3 in the Higgs mass regime of interest. In the higher Higgs mass regime, both the Tevatron and the LHC rely primarily on h → W W ( * ) for Higgs masses below 200 GeV. Should the Higgs mass be significantly larger than the current expectations based on precision electroweak data, then the LHC can discover the Higgs boson through the so-called golden channel, given by the corresponding color. In both panels, the hatched area below 2 fb −1 indicates the region where the approximations used in the combination are not accurate, although they are expected to be conservative. Taken from ref. [27] .
The ATLAS projections [27] exhibited in Fig. 6 suggest that in the Higgs mass range of 114 GeV < ∼ m h < ∼ 130 GeV, the discovery of the Higgs (primarily through the rare h → γγ decay mode) will require an integrated luminosity larger than 10 fb −1 at √ s = 14 TeV. The CMS projections [28] shown in Fig. 7 are slightly more optimistic in the low mass Higgs regime based on an "optimized" neural net analysis of the h → γγ mode. Currently, the LHC is running at half the design energy at significantly lower luminosities than those displayed in Figs. 6 and 7. Current projections suggest that at the end of 2011, the LHC running at √ s = 7 TeV will accumulate a total integrated luminosity per experiment of about 1 fb −1 . Based on these projections, the ATLAS and CMS Higgs searches will yield a 5σ discovery in only a limited Higgs mass range, with a possible 95% exlusion over a somewhat larger Higgs mass range [29, 30] . As an example, Fig. 8 depicts the 95% Higgs mass exclusion region anticipated at the end of the 2011 run [29] . These results would likely match or even exceed the corresponding high mass (m h ≥ 130 GeV) exclusion range expected from the Tevatron.
After the Higgs boson discovery, one must check that its properties are consistent with the theoretical expectations. Measurements of the spin, parity and couplings to gauge bosons and fermions typically need a large data sample (which requires tens to hundreds of fb −1 ). However, in some special circumstances, one can discriminate between different hypotheses for spin and 
Taken from ref. [28] . Table 2 . Minimum number of observed events such that the median significance for rejecting the null background-only hypothesis H 0 in favor of the standard Higgs signal plus background hypothesis H 1 (assuming H 1 is right) exceeds 3σ and 5σ, respectively, with m H =145 GeV. Based on an analysis of the H → ZZ * decay mode. Taken from ref. [31] .
parity with a small data sample. For example, for Higgs boson masses above about 130 GeV, it will be possible to isolate a data sample of h → ZZ ( * ) → ℓ + ℓ − ℓ + ℓ − . By analyzing the distributions and correlations of the five relevant angular variables that describe the ℓ + ℓ − ℓ + ℓ − events, one can achieve a median expected discrimination significance of 3σ with as few as 19 events for m h = 200 GeV and even better discrimination for the off-shell decays of an m h = 145 GeV Higgs boson [31] , as shown in Table 2 . Thus, if a Higgs boson is discovered at the LHC with 1 fb −1 , then it may already be possible to confirm a preference for the expected 0 + spin-parity assignment with a small sample of Higgs events.
LHC prospects for MSSM Higgs discovery
In the decoupling limit, the properties of the lightest CP-even Higgs boson of the MSSM (denoted by h 0 ) are nearly identical to that of the SM Higgs boson. Thus, all the SM Higgs search techniques apply without modification in the MSSM. Moreover, the other MSSM Higgs bosons, H ± , H 0 and A 0 , which are significantly heavier than m h (and m Z ), are roughly degenerate in mass (cf. Section 2.4). In the opposite limit (far from the decoupling limit), all physical MSSM Higgs bosons are typically below 200 GeV in mass and no single Higgs state possesses couplings that precisely match those of the SM Higgs boson [32] .
Cross-sections and branching ratios for the MSSM Higgs boson (which depend on tan β as well as the corresponding Higgs mass) can be found in refs. [10, 14] . Here, we simply note that:
• gluon-gluon fusion can produce both neutral CP-even and CP-odd Higgs bosons.
• V V fusion (V = W or Z) can produce only CP-even Higgs bosons (at tree-level). Moreover, in the decoupling limit, the heavy CP-even Higgs boson is nearly decoupled from the V V channel.
• Neutral Higgs bosons can be produced in association with bb and with tt in gluon-gluon scattering.
• Charged Higgs bosons can be produced in association with tb in gluon-gluon scattering.
• If m H ± < m t − m b , then t → bH − is an allowed decay, and the dominant H ± production mechanism is via tt production.
• Higgs bosons can be produced in pairs (e.g., H + H − , H ± h 0 , h 0 A 0 ).
• Higgs bosons can be produced in cascade decays of SUSY particles.
• The total width of any one of the MSSM Higgs bosons is always < ∼ 1% of its mass [cf. CDF Run II Excluded 95% CL Figure 9 . In the left panel, the 5σ discovery potential in the maximal mixing scenario for the heavy H 0 and A 0 scalars at CMS is shown for √ s = 14 TeV and 30 fb −1 of data (taken from ref. [33] ). In the right panel, the 5σ discovery sensitivity for the charged Higgs mass is shown as a function of m H ± and tan β (taken from ref. [27] ).
of m A > ∼ 200 GeV (corresponding to the decoupling limit), there is no sensitivity for the discovery of the heavy MSSM Higgs states, H ± , H 0 and A 0 , for moderate values of tan β. This is the infamous "LHC wedge" region, in which the h 0 of the MSSM (whose properties are nearly indistinguishable from the SM Higgs boson) is the only MSSM Higgs boson that can be discovered at the LHC. Further details can be found in refs. [10, 14] .
